Introduction {#s1}
============

While mortality for community-acquired pneumonia (CAP) decreased sharply after the introduction of antibiotics in the 1940s, the overall mortality has either remained stable or increased since 1950 \[[@C1]\]. Thus, there is a clear need to explore new approaches and test strategies to reduce mortality by reducing complications related to pneumonia.

The current literature indicates that cardiovascular events (CVEs) may happen in patients with pneumonia both during hospitalisation and after discharge, with an absolute rate of events varying broadly from 10% to 30% across different cohorts \[[@C2]\]. CVEs have a strong impact on patients\' outcomes, leading to an increase in both short-term and 30-day mortality \[[@C3]\]. Notably, heterogeneity has been reported in literature concerning the types of CVE occurring in CAP patients, which include acute myocardial infarction (AMI), acute heart failure and cardiac arrhythmias.

Special attention from both a clinical and a research point of view has been given to the occurrence of AMI in patients with pneumonia \[[@C2]\]. Plaque rupture, *in situ* thrombus formation and consequent myocardial ischaemia may be triggered or worsened during an episode of pneumonia and, thus, lead to the occurrence of AMI. However, acute or persistent inflammation and hypoxaemia during an episode of CAP could lead to diffuse organ abnormalities with cellular dysfunction and, thus, the occurrence of other CVEs, such as cardiac arrhythmias. A head-to-head comparison of AMI *versus* other CVEs in terms of both specific risk factors for their occurrence and patient presentation and outcomes has not been previously conducted, although it would be crucial to design accurate interventional studies on cardioprotective medications.

We designed a study with the objective of defining the prevalence, characteristics, risk factors and impact on clinical outcomes of AMI *versus* other CVEs in hospitalised patients with CAP.

Materials and methods {#s2}
=====================

Study design and data collection {#s2a}
--------------------------------

This was an international, multicentre, observational, prospective cohort study of consecutive patients hospitalised with a diagnosis of CAP in eight acute care hospitals in Italy and Switzerland from October 2009 to October 2012 (online supplementary material). Patients ≥18 years of age and satisfying the criteria for CAP were included in the study. Patients with hospital-acquired pneumonia, defined as pneumonia that developed 48 h after the current hospitalisation or pneumonia that developed in a patient who was discharged from the hospital within the prior 14 days of the current hospitalisation, were excluded from the study. Patients with a diagnosis of healthcare-associated pneumonia were included in the study \[[@C4]\]. The institutional review boards of all the hospitals approved the study and patients signed an informed consent.

The clinical management of patients, laboratory evaluations and antimicrobial therapy were performed according to the current standard of care for patients with CAP \[[@C5]\]. Patients were seen daily during their hospital stay by one or more of the investigators who recorded clinical data (online supplementary material). A telephone call or a visit to the clinic was performed by one of the investigators in each study centre 30 days after the diagnosis of CAP was made in order to determine the possible development of adverse events after discharge and either rehospitalisation or death. Study definitions are reported in the online supplementary material, including those of acute respiratory failure (ARF) and severe sepsis.

Microbiological analysis and empiric antibiotic therapy {#s2b}
-------------------------------------------------------

Microbiological examinations were performed on sputum, urine and blood during the first 24 h after admission and according to standards of practice. Identification of microorganisms and susceptibility testing were performed according to standard methods (online supplementary material) \[[@C6]\]. Empiric antibiotic therapy was administered as soon as the diagnosis of pneumonia was reached in the emergency department. The empiric antibiotic treatment was evaluated for compliance with the European Respiratory Society guidelines \[[@C5]\].

CVEs and study groups {#s2c}
---------------------

CVEs were considered if any of the following was present either on hospital admission or during hospitalisation: 1) AMI; 2) acute cardiogenic pulmonary oedema; 3) new arrhythmia; 4) acute worsening of a long-term arrhythmia; 5) cerebrovascular accident; or 6) pulmonary embolism. Criteria for AMI were defined as detection of rise and/or fall of troponin with at least one value above the 99th percentile of the upper reference limit together with evidence of myocardial ischaemia with at least one of the following: 1) symptoms of ischaemia; 2) ECG changes indicative of new ischaemia (new ST-T changes or new left bundle branch block); 3) development of pathological Q-waves in the ECG; or 4) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality \[[@C7]\]. The process to define other CVEs is reported in the online supplementary material.

Three groups of patients were identified according to the presence and type of CVE either on admission or during hospitalisation: patients without CVE ("no CVE" group); patients with CVE excluding AMI ("other CVE" group); and patients with at least an AMI ("AMI" group). Patients experiencing a CVE triggered by AMI were included in the AMI group.

Study outcomes {#s2d}
--------------

The following were considered as the study outcomes.

### Time to clinical stability {#s2d1}

A patient was considered to reach clinical stability when the following criteria were met in a single day during hospitalisation: 1) improved clinical signs (cough and shortness of breath); 2) the patient was afebrile for ≥8 h; 3) improving leukocytosis (decreased ≥10% from the previous day), C-reactive protein or procalcitonin; and 4) tolerating oral intake \[[@C8]\]. Criteria for clinical stability were evaluated daily during the first 7 days of hospitalisation.

### Length of hospital stay {#s2d2}

Length of hospital stay was considered as the number of days from the date of admission to the date of discharge.

### In-hospital mortality {#s2d3}

In-hospital mortality was considered if death by any cause occurred during hospitalisation. Patients were followed from the day of admission to day 30; those who remained hospitalised for \>30 days were considered alive.

### Clinical failure {#s2d4}

The definition of clinical failure is reported in the online supplementary material.

Statistical analysis {#s2e}
--------------------

All data were statistically analysed using SPSS (version 18.0) for Mac (IBM, Armonk, NY, USA). Descriptive statistics were reported at baseline with continuous data expressed as mean±[sd]{.smallcaps} for normally distributed data, median (interquartile range (IQR)) for skewed data and categorical data expressed as counts. Patient characteristics were compared between groups. Differences of continuous data between groups were evaluated by unpaired t-tests or Mann--Whitney U-tests (two groups), and ANOVA or Kruskal--Wallis tests (three groups). Differences of categorical variables between two or more groups were analysed using the Chi-squared test or Fisher\'s exact test where appropriate. Potential predictors of the occurrence of CVEs and mortality were investigated with a multivariable binomial logistic regression analysis. A p-value \<0.05 was considered statistically significant.

Results {#s3}
=======

Prevalence of CVEs {#s3a}
------------------

Among the 905 patients enrolled during the study period, 128 (14%) experienced at least one CVE, either on admission (8.7%) or during hospitalisation (6.4%) ([table 1](#TB1){ref-type="table"}). A total of 21 (2.3%) patients experienced at least one AMI, while 107 (11.7%) patients at least one other CVE (online supplementary figure A). Three patients experienced an acute cardiogenic pulmonary oedema and seven an arrhythmia triggered by AMI and, thus, were categorised in the AMI group. Median (IQR) time to the development of AMI during hospitalisation was 4 (1--8.5) days and for other CVEs was 4 (3--8) days after the diagnosis of pneumonia. Among patients who experienced AMI, 11 (52%) had a ST segment elevation myocardial infarction (STEMI). Among those, aspirin was given in 10 (91%) patients, low weight molecular heparin (LWMH) in eight (73%) and β-blockers in seven (64%), while seven (64%) underwent percutaneous coronary intervention (PCI). Among 10 patients with non-ST segment elevation myocardial infarction (NSTEMI), aspirin was given in seven (70%), nitrates in six (60%), β-blockers in five (50%), clopidogrel in five (50%) and LWMH in four (40%), while one (10%) patient underwent PCI. TABLE 1Prevalence of hospitalised patients with community-acquired pneumonia experiencing cardiovascular events either on admission or during hospitalisation**On admissionDuring hospitalisationTotal**^\#^**Acute myocardial infarction**12 (1.3)9 (1)21 (2.3)**Acute cardiogenic pulmonary oedema**18 (2)15 (1.7)33 (3.7)**Arrhythmia**45 (5)31 (3.4)77 (8.6)**New arrhythmia**41 (4.5)^¶^31 (3.4)^§^72 (8)**Long-term arrhythmia**5 (0.6)^+^2 (0.2)^ƒ^7 (0.8)**Pulmonary embolism**4 (0.4)8 (0.9)12 (1.3)**Cerebrovascular accident**6 (0.7)3 (0.2)9 (1.1)[^1]

Patient characteristics {#s3b}
-----------------------

Baseline demographics; comorbidities; disease severity; clinical, laboratory and radiological findings on admission; microbiology; and antibiotic therapy of the study groups are summarised in online supplementary tables A--D. In comparison to patients with other CVEs, those with AMI: showed a significantly higher severity of the disease on admission, according to both the Pneumonia Severity Index (PSI) and the presence of severe sepsis; had a higher prevalence of chronic renal failure (p=0.015), liver disease (p\<0.001) and thrombocytosis (p=0.006); and had significantly higher values of lactate dehydrogenase (p=0.036), triglycerides (p=0.041), cholesterol (p=0.034) and glucose (p=0.033) on admission ([table 2](#TB2){ref-type="table"}). TABLE 2Disease severity, comorbidities, and clinical and laboratory data on admission of patients with cardiovascular events (CVEs)**AMIOther CVEp-valuePatients n**21107**Demographics** Females12 (57)55 (51)0.630 Age years79 (72--85)83 (75--88)0.258**Severity on admission** PSI risk class V17 (81)53 (50)0.007 Severe sepsis15 (71)43 (40)0.009**Comorbidities** Active neoplastic disease5 (24)14 (13)0.206 Chronic obstructive pulmonary disease9 (43)35 (33)0.371 Diabetes mellitus4 (19)25 (23)0.666 Prior cerebrovascular accident10 (48)33 (31)0.137 Liver disease5 (24)1 (0.9)\<0.001 Neurological diseases7 (33)33 (31)0.822 Renal disease2 (9.5)10 (9.3)0.980 Chronic renal failure7 (33)13 (12)0.015 Immunosuppression^\#^6 (29)14 (13)0.074 Family history of coronary artery disease6 (29)18 (17)0.207 Essential arterial hypertension11 (52)63 (59)0.581 Congestive heart failure9 (43)33 (31)0.284 Coronary artery disease8 (38)29 (27)0.310 Prior acute myocardial infarction4 (19)19 (18)0.888 Atrial fibrillation6 (29)27 (25)0.749 Hyperlipidaemia7 (33)19 (18)0.105**Medications before admission** Aspirin10 (48)41 (38)0.426 β-blockers6 (29)26 (24)0.679 ACE inhibitors6 (29)36 (34)0.651 Warfarin2 (9.5)5 (4.7)0.371 Heparin0 (0)5 (4.7)0.312 Antiplatelets1 (4.8)15 (14)0.241 Statins4 (19)10 (10)0.253**Clinical and laboratory data on admission** Platelets \>450 000 per μL4 (20)4 (3.8)0.006 Lactate dehydrogenase mg·dL^−1^510 (389--725)391 (321--502)0.036 Triglycerides mg·dL^−1^108 (93--157)94 (72--117)0.041 Glucose mg·dL^−1^168 (132--225)128 (109--183)0.033 Cholesterol mg·dL^−1^ mean±[sd]{.smallcaps}178±72148±350.034[^2]

A significant increasing trend in the proportion of patients with AMI and other CVEs was found across PSI risk classes and CURB-65 score ([figure 1](#F1){ref-type="fig"}). A total of 3.8% and 5.7% of patients with CURB-65 scores 0--1 and PSI risk classes I--III, respectively, developed at least one CVE either on admission or during hospitalisation. No AMI was identified among patients in PSI risk classes I--III, while two patients with CURB-65 scores 0--1 had AMI. A significant increasing trend in the proportion of patients with AMI and other CVEs was found moving from patients with neither ARF nor severe sepsis, to those with only ARF, and those with both ARF and severe sepsis ([figure 2](#F2){ref-type="fig"}). FIGURE 1Prevalence of acute myocardial infarction (AMI) or other cardiovascular events (CVEs) according to a) Pneumonia Severity Index (PSI) risk classes and b) CURB-65 Score. \*\*\*: p\<0.001 across PSI risk classes; ^\#^: p=0.014 across CURB-65 scores; ^¶^: p=0.001 across CURB-65 score; ^+^: p\<0.001 across CURB-65 scores. FIGURE 2Prevalence of acute myocardial infarction (AMI) or other cardiovascular events (CVEs) according to the presence of acute respiratory failure (ARF) and severe sepsis (SS) on hospital admission. \*\*\*: p\<0.001 across the three groups.

Risk factors for AMI versus other CVEs {#s3c}
--------------------------------------

Findings significantly associated with the occurrence of AMI and other CVEs on univariate analysis are reported in online supplementary table E. Independent predictors of the occurrence of AMI and other CVE are show in [table 3](#TB3){ref-type="table"}, after adjustment for several confounders. Female sex (adjusted odds ratio (aOR) 2.72, p=0.044), liver disease (aOR 5.82, p=0.003) and the presence of severe sepsis (aOR 4.33, p=0.005) on admission were independent predictors for the occurrence of AMI, while female sex (aOR 1.77, p=0.009), age \>65 years (aOR 2.88, p=0.005), neurological disease (aOR 1.63, p=0.047) and the presence of pleural effusion (aOR 1.64, p=0.026) on admission were independent predictors for the occurrence of other CVE. TABLE 3Independent predictors for the occurrence of cardiovascular events (CVEs) either on admission or during hospitalisation on multivariable analysis**AMI**^\#^**Other CVE**^¶^**Any CVE**^+^**aOR (95%CI)p-valueaOR (95%CI)p-valueaOR (95%CI)p-valueFemale sex**2.72 (1.02--7.25)0.0441.77 (1.15--2.70)0.0091.85 (1.24--2.77)0.003**Age \>65** **years**2.88 (1.38--5.99)0.0052.55 (1.30--4.99)0.006**Severe sepsis**4.33 (1.55--12.1)0.0051.74 (1.15--2.63)0.009**Pleural effusion**1.64 (1.01--2.53)0.0261.63 (1.08--2.45)0.020**Coronary artery disease**1.74 (1.08--2.81)0.023**Neurological disease**1.63 (1.01--2.65)0.047**Liver disease**5.82 (1.83--18.6)0.003[^3]

Impact on clinical outcomes {#s3d}
---------------------------

Median (IQR) time to clinical stability was longer in patients experiencing AMI (8 (5--8) days) in comparison to those experiencing other CVEs (6 (3--8) days) (p=0.050). Length of hospital stay was 10 (8--17) days in patients experiencing AMI and 11 (8--16) days in patients experiencing other CVEs (p=0.751). A total of 81 (9%) patients died during hospitalisation in the entire study population. In-hospital mortality was significantly higher among those who experienced AMI in comparison to those experiencing other CVE (43% *versus* 21%, p=0.039), along with clinical failure ([figure 3](#F3){ref-type="fig"}). Among patients with AMI who died, four had a STEMI and five a NSTEMI. Univariate analysis for in-hospital mortality is shown in online supplementary table F. On logistic regression analysis, after adjustment for severity of the disease, immunocompromised state and risk factors for multidrug-resistant pathogens, the presence of AMI either on admission or during hospitalisation showed an aOR for in-hospital mortality of 3.57 (p=0.012) and for other CVEs of 2.63 (p=0.002) ([figure 4](#F4){ref-type="fig"}). FIGURE 3Clinical outcomes of the study population according to the three study groups. CVE: cardiovascular event; AMI: acute myocardial infarction. \*: p\<0.001 across the three groups. FIGURE 4Multivariable logistic regression analysis for in-hospital mortality among the study population. Whiskers represented 95% confidence intervals. PSI: Pneumonia Severity Index.

Discussion {#s4}
==========

This study indicates that AMI is less prevalent (2.3%) in CAP patients than other CVEs (11.7%) but is associated with a significantly higher severity of the disease on admission and accounts for a significantly higher in-hospital mortality (43%). The occurrence of AMI in CAP patients increases almost four-fold the risk of death during hospitalisation, while other CVEs increase it 2.6-fold. Specific and independent risk factors for the occurrence of AMI are severe sepsis and previous history of liver disease, while those for other CVEs are advance age, the presence of pleural effusion and a previous history of neurological disease. Finally, female sex is an independent risk factor for both AMI and other CVE.

The prevalence of AMI in our study confirmed data recently reported in a meta-analysis showing either AMI or unstable angina in 5% of patients with pneumonia \[[@C9]\]. Similarly, the 11.7% prevalence of other CVEs in our cohort fits with data from recent observational studies showing the occurrence of new or worsening of pre-existing arrhythmia in 1--11% and heart failure in 3--18% \[[@C4], [@C9]--[@C12]\]. Our data support previous findings showing an increased short-term mortality in CAP patients with CVE and the need of promptly diagnose and treat them \[[@C9]--[@C13]\]. From a research point of view, our data highlighting significant differences in outcomes between patients with AMI *versus* other CVEs could be useful for planning future interventional studies. Aspirin, for instance, along with statins, heparin and β-blockers, could be part of a specific prophylactic scheme for CAP patients at risk for developing AMI, while antiarrhythmic drugs including amiodarone, calcium channel and β-blockers could be used for those at risk for arrhythmias.

Although atherosclerotic plaque instability could be one of the main factors in the development of AMI in the post-pneumonia period, the actual mechanisms by which pneumonia triggers myocardial ischaemia have not yet been fully evaluated. Several speculations have been reported in the literature in recent years, focussing on the role of plaque disruption, demand ischaemia or endothelial dysfunction leading to vasoconstriction \[[@C2], [@C14], [@C15]\]. There may well be a fair amount of overlap between the mechanisms causing the two different types of CVEs and some pathophysiological aspects, including the role of the cardiac autonomic control and the pro-coagulation state, should be better evaluated in future translational studies.

If we were to delineate the two main characteristics of the typical patient with CAP to monitor for the onset of CVEs and to be enrolled in an interventional trial of cardioprotective drugs according to our results, these would be advanced age and severe pneumonia, especially in the presence of severe sepsis. Our data showed that one out of four patients in PSI risk class V had a CVE and that up to 6% had an AMI. From a research point of view, the idea for future trials would be to focus attention on severe patients, such as those with PSI risk class V or CURB-65 score 3--5. From a clinical point of view, various reports have highlighted a clear difficulty in implementing both PSI and CURB-65 in daily practice, and a simple stratification of severity of CAP patients according to the presence of ARF and severe sepsis has instead been suggested by some authors and supported by recent data \[[@C16]--[@C20]\]. In the present study, we showed a prevalence of CVEs of 26% among CAP patients with both ARF and severe sepsis, and 7% prevalence of AMI.

We confirmed previous reports showing that coronary artery disease, pleural effusion, severe sepsis, age and female sex are independently associated with CVEs \[[@C2]\]. Female sex also seems to be an independent predictor of the occurrence of both AMI and other CVEs, and this is a completely new finding. Previous studies have showed that females with both ventilator-associated and community-acquired pneumonia are more likely to die than males \[[@C21], [@C22]\]. Recent data from the Community-Acquired Pneumonia Organization cohort study showed that hospitalised females with CAP take longer to improve clinically than male patients and experience higher 28-day mortality \[[@C22]\]. The higher occurrence of CVEs in females than males that we found in our cohort of CAP patients could be one explanation of these previous findings.

Our study has some limitations. Its design suffers of the missing of a complete evaluation of other risk factors for CVEs (including the analysis of the cardiac autonomic control and the pro-coagulation state) and long-term outcomes, such as the occurrence of CVEs and mortality at 1-year follow-up. Coronary angiography was not required to make a diagnosis of AMI and the universal definition of AMI has been chosen in our study according to both clinical practice and published literature \[[@C23]\]. In view of the sample size, the lack of the use of molecular microbiology (such as PCR of throat swabs/nasopharyngeal aspirates) and the low sensitivity/specificity of the adopted diagnostic techniques, we were not able to identify a correlation between CVEs and pathogens causing pneumonia, including respiratory viruses. Finally, due to the low number of bacteraemic patients in our study, we were not able to investigate the probable role of bacterial invasion of myocardium/plaque as recently hypothesised \[[@C24]\].

Although the impact of CVEs is a well-known problem in CAP patients, most of the literature is based on retrospective observational or administrative reports. This is the first multicentre, prospective, observational study that used standardised definitions of CVE, including AMI, that have also been reviewed by a committee of experts, including a cardiologist. Furthermore, several early and medium-term clinical outcomes have been evaluated, showing concordance among them in terms of results.

In conclusion, AMI seems to be associated with specific risk factors that are different from those associated with other CVE and, although less prevalent, accounts for significantly worse outcomes in hospitalised patients with CAP. A different approach for AMI *versus* other CVEs could be suggested, especially from a research point of view, to plan interventional studies on cardioprotective medications.
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[^1]: Data are presented as n (%) patients. Three patients experienced a new arrhythmia both on admission and during hospitalisation. ^\#^: either on admission or during hospitalisation; ^¶^: nine flutters and 32 atrial fibrillations; ^+^: three flutters and two atrial fibrillation; ^§^: three chaotic atrial rhythms, one paroxysmal supraventricular tachycardia, two ventricular tachycardias and 25 atrial fibrillation; ^ƒ^: two atrial fibrillations.

[^2]: Data are presented as n (%) or median (interquartile range), unless otherwise stated. AMI: acute myocardial infarction; PSI: Pneumonia Severity Index; ACE: angiotensin-converting enzyme. ^\#^: presence of at least one of active cancer, asplenia or HIV infection.

[^3]: Factors included in the multivariable logistic regression analysis were age, sex, history of congestive heart failure, cerebrovascular disease, coronary artery disease, and severe sepsis and acute respiratory failure on admission. Nursing home residency was added for both any CVE and acute myocardial infarction (AMI). Liver disease and chronic renal failure were added only for AMI. Pleural effusion, history of neurological disease and atrial fibrillation were added for any CVE and other CVE. aOR: adjusted odds ratio. ^\#^: Nagelkerke r^2^=0.270; ^¶^: Nagelkerke r^2^=0.118; ^+^: Nagelkerke r^2^=0.147.
